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polyol and an Isocyanate compound, and an inorganic 
oxide vapor deposition layerto athickness of 5~300nm, 
formed by successive lamination on at least one side of 
ttie substrate. Also, packaging materials and packages 
which employ the film are provided. 



Fig.1 




(57) A vapor deposition film comprises a substrate 
made of a plastk; material, a primer layer made from a 
composition comprising a specify trifunctional orga- 
nosilane or a hydro lysate of the organosilane, an acryl 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a vapor deposition film with excellent adhesion of a vapor deposition layer 
and to a packaging material using the same, and more specifically relates to packaging materials used for packaging 
in the fields of foo(te, non-foods, medicines and so forth, as well as a vapor deposition film used for such packaging 
materials, and partnularly to packaging materials used in packaging fields which require boiling sterilization, retort 
sterilization, autoclave sterilization and the like, and to a vapor deposition film used for such packaging materials. 

10 

BACKGROUND ART 

[0002] In recent years packaging maiterials used for packaging of foods, non-foods, medteines, etc. must have the 
ability to block the effects of oxygen, water vapor and other gases which permeate the packaging materials and alter 
15 the quality of their contents. In order to prevent such alteration in the contents and maintain their functions and prop- 
erties. Hence there is a demand for packaging materials with gas barrier properties which block these gases. Commonly 
used packaging materials to date have therefore emptoyed metal foils of aluminum, etc. as gas barrier layers, because 
they are largely unaffected by temperature and humidity. 

[0003] Nevertheless, while packaging materials employing aluminum and other metal foils have excellent gas barrier 
20 properties, problems have existed because of their drawt>acks, whteh include the fact that such packaging materials 
are not transparent enough to allow visual verif cation of their contents, that they must be treated as non-combustibles 
when disposed of after use, and that metal detectors cannot be used for their examination. 
[0004] As packaging materials designed to overcome these drawbacks there have been developed films wherein 
silicon oxide, aluminum oxide, magnesium oxide or another inorganic oxide vapor deposition film has formed on a 
25 polymer film by a fonning means such as vacuum vapor deposition or sputtering, as is described, for example, in U. 
S. Patent No. 3,442,686, Japanese Examined Patent Publication No. Sho 63-2801 7, etc. Such vapor depositton films 
are known to be transparent with gas barrier properties against oxygen , water vapor and the like, and are thus suitable 
as packaging materials whk^h provide both the transparency and gas banier properties which are unobtainable with 
metal foils, etc. 

30 [0005] However, atthough such films are suitable forthe packaging materials described above, virtually none of them 
can be used as vapor deposition films alone for packaging containers and packaging materials. This is because pack- 
ages are completed by undergoing post-processing after vapor deposition, whch involves various steps such as print- 
ing of characters and Images on the vapor deposition film surface, or attachment to other films, etc. and shaping into 
packages for containers and the like. In partcular, because packaging materials subjected to boiling sterilization, retort 

3s sterilization or autoclave sterillzatton are sterilized through many different steps, due care must be taken In designing 
such packaging materials. 

[0008] When attempts have been made to use these types of vapor deposition films in combinatton with sealant films 
to prepare bags which are then filled with contents and subjected to boiling sterilization or retort sterilization, peeling 
of the vapor deposition layer has occurred at parts of the sealed sections resulting in a poor outer appearance, while 

40 the gas barrier properties are also reduced at those sections, leading to alteration in the quality of the contents. 

[0007] In other words, the conditions for packaging materials in such situations Include transparency whksh allows 
the contents to be directly viewed, high gas barrier properties to block gases which adversely affect the contents, and 
resistance to sterilization treatment with no deterioration of the gas bam'er properties and no peeling after boiling 
sterilization, retort sterilization and autoclave sterilization; at present, however, no packaging materials have been 

4s discovered whbh satisfy all of these conditions. The conventional packaging materials have also had the problem of 
deteriorating water resistance, and especially poorer laminate strength after exposure to water. 

SUIMMARY OF THE INVENTION 

so [0008] It Is a first object of the present inventton to provide a vapor deposition film which allows direct viewing of 
contents and which has high gas barrier properties comparable to those of aluminum foil. In particular, there Is provided 
a vapor deposition film whk:h exhibits no peeling of the vapor deposition layer from the substrate or deterioration of its 
gas barrier properties even after boiling sterilization or retort sterilization, and without loss of laminate strength after 
exposure to water, thus promising a wide range of possible uses in packaging materials with general usefuln^s for 

ss foods, non-foods, medicines and the like. 

[0009] It Is a second object of the Invention to provide a packaging material made using this vapor deposition film, 
whk:h Is a highly practical packaging material with high gas t>amer properties and with high resistance to sterilization, 
undergoing no loss of its properties and no peeling of the vapor deposition layer from the substrate even after boiling 
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sterilization or retort sterilization. 

[0010] It is a third object of the Invention to provide t>ag-like paclcages made using the packaging material, which 
are paclcages which undergo no deterioration in oxygen penneability or laminate strength after sterilization treatment, 
and which exhibit virtually no peeling of their vapor deposition layers from their substrates. 

s [0011] In order to achieve the objects described above, the present invention provides a vapor deposition film com- 
prising a substrate made of a transparent plastic material, a primer layer comprising a composition which contains a 
trifunctional organosilane represented by the general fonnula R'Si(OR)3 (wherein R' Is a substituted or unsubstituted 
alkyi group, vinyl group, etc. and R Is an alkyi group, etc.) or a hydrolysate of the organosilane, an acryl polyol and an 
isoi^anate compound, and a vapor deposition layer comprising an Inorganic oxide In a thickness of 5~300nm, formed 

10 by successive lamination on at least one side of the substrate. 

[0012] Thepresent invention further provides the aforementioned vapor deposltnn film wherein R' in the trifunctional 
organosilane is an alkyi group including an epoxy group or isocyanate group. 

[0013] A reaction catalyst is preferably added to the aforementioned composition for the primer layer. In partk;ular, 
the reaction catalyst may be a tin compound, and is preferably a tin compound selected from the group consisting of 

15 tin chloride, tin oxychloride and tin alkoxides. 

[0014] It is preferred to further add to the composition a metal alkoxide represented by the general fonnula M(OR)„ 
(wherein M is a metal elenient, R Is an alkyi group such as CH3, (^H^, etc. and n is the oxidation number of the metal 
element) or a hydrolysate of the metal alkoxide. Here, the metal of the metal alkoxide is preferably a metal selected 
from the group consisting of SI, Al "n, Zr and their mixtures. 

20 [0015] The thckness of the primer layer Is preferred to be in the range of 0.01 ~2|im. 

[0016] The Inorganic oxide of the vapor deposition layer is preferably one selected from the group consisting of 
aluminum oxide, silicon oxide, magnesium oxide and their mixtures. 

[001 7] An overcoating layer may be also laminated on the vapor deposition layer, and it is prefen'edforthe overcoating 
layer to be a layer obtained by applying, heating and drying a coating agent composed mainly of an aqueous solution 
2s or an aqueous/alcohol mixed solution containing a water-soluble polymer and either or both (a) at least one metal 
alkoxide or hydrolysate thereof and (b) tin chloride. Here, the metal alkoxide is preferably one selected from the group 
consisting of tetraethoxysilane, triisopropoxyalumlnum and mixtures thereof. The water-soluble polymer is preferably 
polyvinyl akxihoi. 

[0018] The Invention still further provides a packaging material prepared by laminating the aforementioned vapor 
30 deposition film and a heat seal layer on the vapor depositk>n layer or the overcoating layer side. 

[001 9] The invention still further provides packages made into bagf onn using the aforementioned packaging material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0020] The present invention will now be explained in greater detail with reference to the drawings In which: 

Fig. 1 1s a partial cross-sectional view of a vapor deposition film according to an embodiment of the present inven- 
tion; 

Fig. 2 is a partial cross-secdonal view of a vapor deposition film according to another embodiment of the present 
40 invention; 

Fig. 3 is a partial cross-sectional view of a packaging material prepared using a vapor deposition film according 
to yet another embodiment of the present Invention; and 

Fig. 4 is a perspective view of an embodiment of a package made using the packaging material shown in Rg. 3. 

-» DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0021 ] Fig. 1 and Fig. 2 are cross-secUonai views of vapor deposition films according to embodiments of the present 
Invention. 

[0022] In Fig. I.thesubstratel isafilmmadeof aplasticmaterial. On the substrate 1 there are successively laminated 
50 a primer layer 2 made of a composition comprising a trifunctional organosilane, an acryl polyol and an isocyanate 
compound, and a vapor deposition layer 3 containing an Inorgank: oxide. In Fig. 2, an overcoating layer 4 is further 
laminated thereon. 

PM>23] The substrate 1 is a plastk: material, and a transparent film Is preferred to take advantage of the transparency 
of the vapor deposition layer. As examples of substrates there may be mentioned polyester films such as polyethylene 
55 terephthalate (PET) and polyettfylene naphthalate; polyolefin films such as polyethylene and polypropylene; polysty- 
rene films; polyamlde films; polyvinyl chloride films; polycarbonate films; polyacrylonltrile films; and polyimide films. 
The substrate may be stretched or unstretched, and should have certain mechanical strength and dimensional stability. 
PartKulariy preferred among these are polyethylene terephthalate films optionally stretched In biaxial directions. An 
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opposite side of the substrate to the side thereof on which the vapor deposition layer is fonned may also be coated 
with thln-filnis fonned from any of various well known additives and stabilizers, including antistatic agents, ultraviolet 
Inhibitors, plasticlzers, lubricants and the like. For better adhesion with these thin-films, the coated side of the substrate 
may be subjected to any type of pretreatment, such as corona treatment, low-temperatu re plasma treatment, ion bom- 

5 bardment treatment, chemical treatment, solvent treatment, etc. 

[0024] The thickness of the substrate is not under any particular restrictions, and from the standpoint of suitability 
as packaging materials, the film may be laminated with a film of a different nature than the film itself. From the standpoint 
of workability when forming the primer layer and inorgank: oxide vapor deposition layer, as well as the overcoating 
layer, a practk^l range of 3~200)im is prefen-ed, with 6~30(un being parttoularly prefenred. 

10 [0025] From a productivity standpoint, a long, continuous film is prefen-ed which allows continuous formation of each 
of the aforementioned layers. 

[0026] The primer layer according to the present invention is formed on the substrate made of a plastic material, and 
this layer serves to Increase the adhesion between the substrate and the inorganic oxide vapor deposition layer, and 
to prevent peeling of the vapor deposition layer after boiling sterilization, retort sterilization or autoclave sterilization. 
»5 [0027] As a result of much diligent research, the present inventors have found that compositions of trifunctlonal 
organosilanes or their hydrolysates with acryl polyol and isocyanate compounds can be used as the primer layer in 
order to achieve the aforementioned object of the priesent inventk>n. 
[0028] The composition of the primer layer will now be explained In detail. 

[0029] The trifuncdonal organosilane used according to the present Invention Is a compound represented by the 
20 general fomiula R'SI(OR)3 (wherein FT Is a substituted or unsubstituted alkyi group, vinyl group, etc. and R is an alkyi 
group, etc.). Here, the substituent of R' preferably Includes an epoxy group or Isocyanate group. As specific exemplary 
compounds there may be mentioned ethyttrimethoxysllane and vinyltrlmethoxysilane; glyddoxy propyltrimethoxysl- 
lane, glycidoxy trimethoxysilane and epoxycyclohexylethyl trimethoxysllane where R* includes an epoxy group; and y 
-isocyanate propyltrimethoxysilane and y -isocyanate propyltriethoxysilane where R" includes an isocyanate group. 
2s These compounds may be used alone or in combinations of two or more. 

[0030] Ttie trifunctlonal organosilane used according to the present Invention may also be a hydrolysate of the com- 
pound represented by the general fomnula R'Si(OR)3 (where R* Is a substituted or unsubstituted alkyi group, vinyl 
group, etc. and R is an alkyi group, etc.). Here, the substituent of R" preferably includes an epoxy group. The same 
specific exemplary compounds given above apply. 
30 [0031] The process used to obtain hydrolysates of these compoundscan be a known process Involving direct addition 
of an acid or alkali to the trifunctlonal organosilane. 

[0032] The acryl polyol used according to the present invention is a polymer compound obtained by polymerizing an 
acrylic acid derivative monomer or a copolymer compound obtained by copolymerizing an acrylic acid derivative mon- 
omer and another monomer, the (co)polymer compound also having a tenminal hydroxyl group so as to react with the 

35 isocyanate group of the Isocyanate compound whk:h Is subsequently added. Among such compounds It Is preferred 
to use acryl polyols (Stained by simple polymerization of acrylic acM derivative monomers such as ethyl (meth)acrylate, 
hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate and fiydroxybutyl (meth)acrylate, or obtained by copolym- 
erization through addition of another monomer such as styrene. From the standpoint of reactivity with the isocyanate 
compound, It is prefen-ed for the hydroxy value to be between 5 and 200 (KOHmg/g). 

40 [0033] The mixing ratio of the acryl polyol and the trifunctlonal organosilane is preferably In the range of 1/1 to 100/1 , 
and more preferably In the range of 2/1 to SQ/1 , in tenns of weight ratio. 

[0034] No catalyst is necessary when combining the acryl polyol with the trifunctlonal organosilane when R" In the 
aforementioned general fonnula includes an isocyanate group. Addition of a reaction catalyst Is preferred, however, 
when combining the acryl polyol with a trifuncttonal organosilane other than a trifunctlonal organosilane with an isocy- 

45 anate group, In order to promote the reaction. From the standpoint of reactivity and polymerization stability, the catalyst 
added is preferably a tin compound such as tin chloride (SnClj, SnCy, tin oxychloride (SnOHCI, Sn(0H)2Cl2), a tin 
alkoxide or the like. These catalysts may be added directly during mixing, or they may be dissoh^ed in a soh^ent such 
as methanol for addition. Because the catatytk: effect cannot be achieved when the amount is too large or too small, 
it Is preferably added In the range of from 1/10 to 1/10000, and more preferably from 1/100 to 1/2000, as a molar ratio 

so with respect to the trifunctional organosilane. 

[0035] The isocyanate compound used for the present invention Is added for the purpose of increasing adhesion 
between the substrate and the inorganic oxkle vapor deposition layer by the urethane bond whteh results from reaction 
with the acryl polyol, and it functions primarily as a crossllnklng or hardening agent. Isocyanate compounds which can 
be used to achieve this object include monomers such as an aromatk: monomer, aliphatic monomer such as tolylene 

ss diisocyanate (TDI), diphenylmethane diisocyanate (MDI), xylene dUsocyanate (XDI), hexametfiylene diisocyanate (HM- 
Dl) and isophorone diisocyanate (IPDI), as well as their polymers and derivatives. They may be used alone or in 
combinations. 

[0036] The mixing ratio of the acryl polyol and the isocyanate compound is not particularly restricted, but if the iso- 
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cyanate compound is deficient the hardening may not be satisfactory, and if it is excessh/e, biocidng may occurcreating 
problems for wortiing. The mixing ratio of the acryi polyoi and the isocyanate compound is therefore preferred to be 
such that the number of isocyanate groups of the isocyanate compound is no greater than 50 times the number of 
hydroxy! groups of the acryl polyol. It is more preferable for the isocyanate groups and hydroxyl groups to be at an 

s equivalent ratio. The mixing method may be any publicly known one and is not particularly restricted. 

[0037] For enhanced solution stability when preparing the solution of the composition, a metal alkoxide or its hydro- 
lysate may be added. The metal alkoxide is a compound represented by the general formula M(OR)n M^erein M is a 
metal such as Si, Al, Ti or Zr and R is an alkyi group such as CH3 or C2H5. Specifically there may be mentioned 
tetraethoxysilane [Si(OC2Hs)4] and tripropoxyaluminum [AI(0C3H7)3|. Among these are preferred tetraethoxysllane, 

10 tripropoxyaluminum and mixtures thereof, because of their relathfe stability in aqueous solvents. The method used to 
obtain a hydrolysate of the metal alkoxide may involve hydrolysis with the aforementioned trifunctional organosilane, 
or the metal alkoxide hydrolysate may be added separately. 

[003S] The mixing ratio of the trifunctional organosilane and the metal alkoxide is preferably in the range of a molar 
ratio of 1 0:1 to 1 :1 0 from the viewpoint of solution stability. It is more prefen-ed for these to be combined at an equimoiar 
« ratio. 

[0039] There are no partKular restrkrtbns on the coated film of this composition, and for example, a solution prepared 
by any of the following methods may be coated onto the substrate. 

1) A solution prepared by mixing the acryl polyol and isocyanate compound with the product of prior hydrolysis 
20 reaction of the trifunctional organosilane (where the aforementioned reaction catalyst may be used); 

2) A solution prepared by mixing the acryl polyol and isocyanate compound with the trifunctional organosilane 
whteh has undergone hydrolysis reaction with a metal alkoxide (where the aforementioned reaction catalyst may 
be used); 

3) A solution prepared by first mixing the trifunctional organosilane and the acryl polyol in a solvent (where the 
2S aforementioned reaction catalyst and metal alkoxide may also be added), subjecting the mixture to hydrolysis 

reaction, and then adding the isocyanate compound to the product thereof; 

4) A solution prepared by adding the isocyanate compound to a simple mixture of the trffunmional organosilane 
and the acryl polyol (where the aforementk>ned reaction catalyst and metal alkoxide may also be added). 

30 [0040] Various additives, for example, hardening accelerators such as tertiary amines, imidazole derivatives, car- 
boxylic acid metal salt compounds, quaternary ammonium salts, and quaternary phosphonium salts, antioxidants such 
as phenol-based antioxidants, sulfur-based antioxidants and phosphite-based antioxidants, leveling agents, flow ad- 
justers, catalysts, crosslinking reaction accelerators, fillers and the like may also tie included depending on the need. 
[0041] The solvent or dilution solvent in the solutton used to form the primer layer is not partnularly restricted so long 

35 as It is capable of dissolving or diluting each of the components fonning the primer layer. For example, when a trifunc- 
tional organosilane is used, an ester such as ethyl acetate or butyl acetate is appropriate, and when a trifunctional 
organosilane hydrolysate is used, a mixed solvent of an ester with an ak»hol such as methanol, ethanol or isopropyl 
alcohol is appropriate. In addition to these solvents, ketones such as methyl ethyl ketone and aromatic hydrocarbons 
such as toluene and xylene may also be used alone or In any desired combination. In particular, since aqueous solutions 

40 of hydrochloric add and the like are sometimes used for hydrolysis of trifunctional organosilanes, it is important to use 
a mixed solvent of the polar solvent such as ethyl acetate in admixture with isopropyl alcohol or the like as a co-solvent. 
[0042] The thickness of the primer layer is not particularly restricted as long as a uniform coated film is fonned. 
However, the dry film thk^ess (solid portion) is generally preferred to be in the range of 0.01 ~2|im. If the thtekness 
is less than 0.01 it becomes difficuit to obtain a uniform coated film, and the adhesion will sometimes be reduced. 

45 If the thickness exceeds 2)im, it becomes impossible to maintain flexibility of the coated film because of its thickness, 
while the risk of cracking of the coated film due to external fartors also becomes a concern. A particularly preferred 
range for the thfekness of the primer layer is from 0.05~0.5|un. 

[0043] The method used to form the primer layer may be, for example, a well known printing process such as offset 
printing, gravure printing, silk screen printing, etc. or a well known application process such as roll coating, knife edge 

so coating, gravure coating, etc. The drying conditions may be such conditions as are commonly employed. 

[0044] The inorgank: oxide vapor deposttton layer is a vapor deposition layer of an inorganic oxide comprising alu- 
minum oxide, silk»n oxide, tin oxkie, magnesium oxide or a mixture thereof. The layer should be transparent and have 
gas barrier properties against oxygen, water vapor, etc. Partksularty preferred among these are aluminum oxide and 
silicon oxide. However, the vapor deposition layer of the present invention is not limited to the above-mentioned inor- 

55 ganic oxides, and any other material may be used whbh meets the aforementioned requirements. 

[0045] The optimum thtekness of the vapor deposition layer will depend on the type and stmcture of the inorgank; 
oxide used, but it is generally preferred to be appropriately selected within a range of 5~300nm. If the film thtekness 
is less than 5nm it may not be possible to obtain a uniform film and the film thckness may be inadequate, whteh may 
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prevent it from adequately carrying out its function as a gas barrier materiai. If tlie film tfiickness is over 300nm, it 
becomes impossible to maintain flexibility of the thin-film, presenting the risk of cracking of the thin-film due to external 
factors such as bending and stretching after formation of the film. A preferred range for the thckness of the vapor 
deposition layer is from 10 to 150nm. 

s [0046] Many different methods exist for fomiatlon of the inorganic oxide vapor deposition layer on the primer layer, 
and common vacuum vapor deposition may be employed. Other thin-film forming methods, such as sputtering, ion 
plating and plasma vapor phase growth methods (CVD) may also be used. From the standpoint of productivily, however, 
vacuum vapor deposition Is a superior method at the currenttime. The heating means used forvacuum vapor deposition 
is preferably an electron beam heating system, resistance heating system or induction heating system. For better 

10 adhesion between the vapor deposition layer and the substrate and greater density of the vapor deposition layer, the 
vapor deposition may t>e accomplished by the plasma assist method or ion beam assist method. For higher transpar- 
ency of the vapor deposition film, the vapor deposition reaction may be carried out while blowing in oxygen gas or the 
like. 

[0047] An overcoating layer is optionally fornned on the inorganic oxide vapor deposition layer In order to provide 

'9 higher gas barrier properties depending on the quality demanded. 

[0048] The overcoating layer is formed using a coating agent composed mainly of an aqueous solution or aqueous/ 
alcohol mixed solution whbh contains an water-soluble polymer and either or both (a) at least one metal alkoxide or 
hydrolysats thereof and (b) tin chloride. This may be, for example, a solution prepared by dissolving the water-soluble 
polymer and tin chtorfcte In an aqueous (water or water/alcohol mixture) sohrent, or such a solutton modified by mixture 

20 with a metal alkoxide directly or after its hydrolysis or other treatment. After coating of the solution onto the inorgank: 
oxide vapor deposition layer, It is heated and dried to fomn the layer. The various components Included in the coating 
agent will now be described in further detail. 

[0049] As water-soluble polymers to be used in the coating agent according to the present invention there may be 
mentioned polyvinyl akx>hol, polyvinylpyrrolidone, starch, methyl cellutose, carboxymethyl cellulose, sodium alginate, 

25 etc. Polyvinyl alcohol (hereunder, simply called as PVA) in parttoular has the most excellent gas barrier property when 
used in the coating agent of the present invention. PVA Is generally obtained by saponification of polyvinyl acetate. 
The PVA is not particularly restricted and Includes, for example, partially saponified PVA wherein 10%, 20% or more 
of the acetate groups remain, or total PVA wherein only a few percent of the acetate groups remain. 
[0050] The tin chloride used in the coating agent may be stannous chtoride (SnClj), stannic chloride (SnCl4) or a 

30 mixture thereof. These tin chloride compounds may be anhydrates or hydrates. 

[0051] The metal alkoxkie Is a compound represented by the general fomiula M(OR)n wherein M is a metal such as 
Si, T1, Al or Zr and R is an alkyi group such as CH3 or C2H5. Specificaliy there may be mentioned tetraethoxysilane [SI 
(OCsHs)^] and triisopropoxyaluminum [Al(0-2' -€31-17)3], tetraethoxysilane andtriisopropoxyalumlnum t>elng preferred 
because of their relative stability in aqueous solvents after hydrolysis. 

35 [0052] If necessary, a publicly known additive such as an isocyanate compound or silane coupling agent or a dis- 
persing agent, stabilizer, viscosity adjuster, coloring agent or the like, may be added to an extent which does not impair 
the gas barrier properties of the coating agent. 

P053] Preferred examples of isocyanate compounds wh»h may be added to the coating agent include ones having 
two or more isocyanate groups in the molecule. For example, there may be mentioned tolylene diisocyanate, triphe- 
40 nylmethane triisocyanate, tetramethylxylene diisocyanate and other such monomers, as well as their polymers and 
derivatives. 

p)054] The method for applying the coating agent may employ a publicly known means for commonly used dipping 
methods, roll coating methods, screen printing methods, spray methods and the like. The thickness of the coated film 
will differ depending on the type of coating agent and the working conditions; the post-drying thickness may be 0.01 ^ 
^ or greater, but if the thk;kness exceeds 50[um cracks will tend to occur in the film, and therefore the range of 0.01 — 50)im 
is preferred. 

[0055] Other layers may also be laminated over the inorganic oxide vapor deposition layer or the overcoating layer. 
Examples thereof include printed layers, interlayer films, heat seat layers, eto. 

[0056] A printed layer Is formed for practical applk»tion as a packaging bag or the like. It is, for example, a layer 
so composed of an ink prepared by adding an additive such as any of various pigments, extender pigments, plastlcizers, 
desiccators, stabilizers and the like, to a conventionally employed Ink binder resin whbh is urethane-based, acrylic- 
based, nitrocellulose-based, rubber-based, vinyl chloride-based, etc. The printing forms characters, images and the 
like. The forming process may be a well known printing process such as offset printing, gravure printing or silk screen 
printing, or a well known applicatton process such as roll coating, knife edge coating or gravure coating. The dry film 
ss thickness (solid portion) of the printed layer may be from 0.1 to 2.0(un. 

[0057] An interlayer film is formed between the vapor deposition layer or overcoating layer and the heat seal layer 
in order to increase the rupture strength during boiling or retort sterilization, and from the standpoint of mechanical 
strength and thermal stability, generally it must be of a type selected from among biaxially stretched nyton films, biaxially 
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stretched polyethylene terephthalate films and biaxially stretched polypropylene films. Its thickness will be detennined 
based on the material and the demanded quality, but it is generally in the range of 1 0~30^m. The method of lamination 
may be a publicly known one such as dry lamination involving attachment using an adhesive agent such as a two-part 
curing type urethane-based resin. 

5 [0058] A heat seal layer is provided as an adhesive layer when forming bag-like packages. Examples of resins whteh 
may be used for the heat seal layer include polyethylene, polypropylene, ethylene-vinyl acetate copolymer, ethylene- 
methacrylic acid copolymer, ethylene-methacrylic acid ester copolymer, ethylene-acrylk: acid copolymer, ethylene- 
acrylic acid ester copolymer, and metal crosslinked forms thereof. The thickness will be determined based on the 
purpose, but it is generally in the range of 15~200|im. The method of lamination will generally be a method such as 

10 dry lamination involving attachment of a film of the resin using an adhesive agent such as a two-part curing type 
urethane-based resin, but other publicly known methods may be used for the lamination. 

[0059] A packaging material employing a vapor deposition film according to the present invention can be used as a 
packaging material in the field of foods, non-foods and medbines. In particular, when It is used as a packaging material 
for boiling sterilization, retort sterilization or autoclave sterilization, it gves a packaging material with excellent trans- 

is parency and gas barrier properties while also avokling the problem of peeling, etc. 

[0060] Any form of packaging is possible as a packaging employing the packaging material of the Invention, and as 
examples there may be menttoned three-side sealed pouches, four-side sealed pouches, standing type pouches, pillow 
type pouches and the like. The packaging may also be in a form with a cover sealing the opening of an open container. 
A publtely known method may be used as the shaping method. 

20 [0061 ] Fig. 3 is a cross-sectional view of the layer stmcture of a packaging material according to an embodiment of 
the invention. In ttiis drawing, reference numeral 1 denotes a substriate, 2 a primer layer, 3 a vapor deposition layer, 4 
an overcoating layer, 5 an adhesive layer, 6 an interiayer f ilm, 7 another adhesive layer and 8 a heat seal layer. The 
heat seal layers of packaging materials constructed in this foshion are attached together and heat sealed, to fonn a 
standing type pouch such as shown in Rg. 4, for example. 

25 

[Examples] 

[0062] A packaging material emptying the vapor deposition film of the present invention will now be further explained 
with reference to concrete examples, with the understanding that the invention is not limited to these examples so long 
30 as the gist thereof is maintained. 

(Preparation of primer layer solution) 

[00631 

35 

A) In a diluting solvent (ethyl acetate) 2-(epoxycyclohexyQethyl trimethylsilane (hereunder, simply called as 
EETMS) and acryl polyol at a 5.0-fold amount (we^ht ratk>) with respect to the EETMS were mixed. A tin chloride 
(SnCl2)/methanol solution (prepared to 0.003 moVg) was further added to the mixture as a catalyst to 1/135 mol 
with respect to the EETMS, and the mixture was stirred. Tolylene diisocyanate (hereunder, simply called as TDI) 

40 was then added at an equivalent of isocyanate groups in the TDI with resped to hydroxyl groups in the acryl polyol. 

The mixed solution was diluted to 2% by weight as a total concentration of the added components to make solution 
A. 

B) in a diluting soh^ent (isopropyl ak»hol/^hyt acetate) EETMS end tetraethoxysilane (81(0021-15)4: hereunder, 
simply called as TEOS) were mixed at a molar ratio of 1:1. To this mixture there were added acryl polyol at a 

45 2.6-fold amount in terms of weight and a tin chloride (SriCy/methanol solution (prepared to 0.003 mol/g) as a 
catalyst at an amount of 1 /400 mol with respect to the mixture, and the mixture was stirred. Next, 0. 1 N hydroch loric 
acid was added and stirred therewith for hydrolysis. TDI was then added at an equivalent of isocyanate groups in 
the TDI with respect to hydroxyl groups in the acryl polyol. The mixed solution was diluted to 2% by weight as a 
total concentration of the added components to make solution B. 

so C) In a diluting solvent (isopropyl ateohol/ethyl acetate) EETMS and TEOS were mixed at a molar ratio of 1 :1 . To 

this mixture there was added acryl polyol at a 2.5-fold amount in tenns of weight. TDI was then added at an 
equivalent of isocyanate groups in the TDI with respect to hydroxyl groups in the acryl polyol. The mixed solution 
was diluted to 2% t>y weight as a total concentration of the added components to make solution C. 

D) In a diluting solvent (ettiyl acetate), TDI was added as an isocyanate compound to acryl polyol at an equivalent 
ss of isocyanate groups in the TDI with respect to hydroxyl groups in the acryl polyol. The mixed solution was diluted 

to 2% by weight as a total concentration of the added components to make solution D. 

E) In a diluting solvent (ethyl acetate), 5 parts by weight of acryl polyol was mixed with 1 part by weight of y 
-isocyanate propyltrimethoxysilane, and the mixture was stirred. TDI was then added as an isocyanate compound 
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at an equivalent of isocyanate groups in the TDI with respect to hydroxy! groups in the acryl polyol. The mixed 
solution was diluted to 2% by weight as a total concentration of the added components to make solution E. 

F) In a diluting solvent (ethyl acetate), 5 parts by weight of acryl polyol was mixed with 1 part by weight of y 
-Isocyanate propyttrimethoxysilane, and the mixture was stirred. XDI was then added as an isocyanate compound 

5 at an equivalent of isocyanate groups with respect to hydroxyl groups in the acryl polyol. The mixed solution was 

diluted to 2% by weight as a total concentration of the added components to make solution F. 

G) In a diluting so^ent (ethyl acetate), 5 parts by weight of acryl polyol was mixed with 1 part by weight of -isocy- 
anate propyltrimethoxysilane, and the mixture was stirred. A 7:3 mixture of XDI and IPDI as isocyanate compounds 
was then added at an equivalent of isocyanate groups In the isocyanate compound mixture with respect to hydroxyl 

10 groups in the acryl polyol. The mixed solution was diluted to 2% by weight as a total concentration of the added 
components to make solutton G. 

(Example 1) 

'5 p)064] On one s\6e of a 1 2-^ thtek biaxially stretched polyethylene terephthalate (PET) film as the substrate 1 , the 
solution A was coated and dried by gravure coating to a dry film thkskness of 0.2^un , to f omn a primer layer 2. An electron 
beam heatlnshtype vacuum vapor deposition apparatus was then used for vaporization of metallic aluminum, and 
oxygen gas was introduoed therein to fonn an aluminum oxide vapor deposition layer 3 to a thickness of 20nm on the 
primer layer 2. A coating agent with the composition described below was further coated thereon by gravure coating. 

20 After coating, it was dried at 120*C for one minute to fomri a 0.3-^m thick overcoating layer 4, thus yielding a vapor 
depositbn film. 

Composition of coating agent: Mixture of solution (1) and solution (2) bek>w at a mixing ratio (w(%/wt%) of 60/40. 

[0065] Solution (1 ): Hydrolyzed solution with solid portion of 3 wt% (as SiOj) prepared by adding 89.6 g of hydroch lorte 
acid (0.1 N) to 1 0.4 g of tetraethoxysilane and stining for 30 minutes for hydrolysis. 

[0066] Solution (2): Water/isopropyi alcohol solution (waterisopropyl alcohol weight ratio = 90:1 0) containing 3 wt% 
polyvinyl akxjhol. 

[0067] The overcoating layer 4 of the resulting vapor deposition film was laminated with a biaxially stretched nylon 
30 film with a thickness of 15^ as an intertayer film 6 by dry lamination, via a two-part curing type urethane-isased 
adhesive, and then a 70-(im thick polypropylene film was laminated as a heat seal layer 8 by dry lamination via a two- 
part curing type urettiane-based adhesive, to fabricate a packaging material. 

(Example 2) 

35 

[0068] A packaging material was obtained in the same manner as Example 1 , except that the vapor deposition layer 
3 In Example 1 consisted of sllkxin oxide at a thkd(ness of about 40nm ot>talned by vacuum vapor deposition with a 
resistance heating system. 

40 (Example 3) 

[0069] A packaging material was obtained in the same manner as Example 1 , except that the solution B was used 
as the primer layer 2 In Example 1 . 

-» (Example 4) 

[0070] A packaging material was obtained in the same manner as Example 1 , except that the solutton C was used 
as the primer layer 2 in Example 1 . 

so (Examples) 

[0071] A packaging material was obtained in the same manner as Example 1 , except that the solution E was used 
as the primer layer 2 in Example 1 . 

55 (Example 6) 

[0072] A packaging material was obtained in the same manner as Example 1 , except that the solution F was used 
as the primer layer 2 in Example 1 . 
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(Example 7} 

[00731 A packaging material was obtained in the same manner as Example 1 , except that the solution G was used 
as the primer layer 2 In Example 1 . 

5 

(Comparative Example 1) 

[0074] A packaging material was obtained in the same manner as Example 1 , except that the primer layer 2 in 
Example 1 was notfomied. 

10 

(Comparative Example 2) 

[0075] A packaging material was obtained In the same manner as Example 1 , except that the solutk>n D was used 
as the primer layer in Example 1 . 

15 

(Test1) 

[0076] The packaging materials of the present invention according to Examples 1-7 and the packaging materials 
according to Comparative Examples 1-2 whk^ were fabricated In the manner described above were used to make 

20 pouches with the 4 sides as the sealing portions, and each was filled with 150 g of water as the contents. Retort 
sterilization was then canied out at 1 21 "C for 30 minutes. The evaluation was based on the oxygen permeability before 
and after the retort sterilization (using an oxygen pemrteation measuring apparatus (OXTRAN-1 0/50A by Modem Con- 
trol Co.) for measurement in an atmosphere of 30^, 70%RH. units: ccJw^/day), the laminate strength (measured by 
peel rate at 300mm/hnin, units: gr/15 mm) and the visually observed state of peeling between the substrate and the 

25 vapor deposition layer after retort sterilization. The state of peeling was determined by observing the peeling of the 
vapor deposition layer upon 180-degree bending of the pouch seal sections after retort sterilization. The results are 
listed In Tablet. 

[0077] The symbols used In Table 1 to Indteate the evaluation results for the appearance of peeling after retort ster- 
ilization are as follows. 

30 

@: No peeling 
X: Peeling 

[0078] The symbols used in Table 1 for the overall evaluation results are as follows. 

35 

(§): Good 
x: Unusable 



40 Table 1 





Oxygen penneability 


Laminate strength 


Appearance 
after retort 
sterilization 


Overall 
evaluation 


Before retort 
sterilization 


After retort 
sterilization 


Before retort 
sterilization 


After retort 
sterilization 


Example 1 


0.34 


0.52 


580 


580 


® 


® 


Example 2 


0.41 


0.43 


570 


510 


® 


® 


Example 3 


0.38 


0.47 


450 


420 


® 


® 


Example 4 


0.51 


0.48 


500 


450 


® 




Examples 


0.69 


0.80 


590 


330 


® 


® 


Example 6 


0.63 


0.77 


540 


340 


® 


® 


Example 7 


0.72 


0.81 


630 


350 


® 


® 


Comp.Ex. 1 


0.34 


1.08 


460 


100 
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Table 1 (continued) 





Oxygen pemieability 


Laminate strength 


Appearance 
after retort 
sterilization 


Overall 
evaluation 




Before retort 
sterilization 


After retort 
sterilization 


Before retort 
sterilization 


After retort 
sterilization 






Comp.Ex. 2 


0.42 


0.74 


540 


300 


X 


X 



10 

[0079] Table 1 shows that the vapor deposition films of the present invention according to Examples 1 -7 and the 
packaging materials employing them have sufficient transparency to allow direct viewing of their contents. The exam- 
ples of the present invention have high gas barrier properties to block gases which can affect the contents, as well as 
high laminate strength. Even after retort sterilization there is no deterioration of the gas barrier properties, and the high 
15 laminate strength is maintained. They deariy exhibit excellent retort sterilization resistance with no peeling of their 
vapor deposition layers. 

[0080] In comparison, the packaging materials of Comparative Examples 1 and 2 also have sufficient transparency 
to allow direct viewing of the contents, and prior to retort sterilization they had high gas barrier properties to block gases 
whteh can affect the contents, as well as high laminate strength. After retort sterilization, however. It Is seen that the 
20 gas bamer properties of the packages deteriorated, the laminate strength was lowered, peeling occurred, and the retort 
sterilization resistance was poor. 

(Example 8) 

25 [0081] On one side of a 12-|im thick blaxially stretched polyethylene terephthalate (PET) film as the substrate 1 , the 
solution E was coated by gravure coating and dried to a dry film thk:kness of 0.2|im , to form a primer layer 2. An electron 
beam heating-type vacuum vapor deposition apparatus was then used for vaporization of metallic aluminum, and 
oxygen gas was introduced therein to form an aluminum oxide vapor deposition layer 3 to a thickness of 20nm on the 
primer layer 2. 

30 [0082] A 30-^m thick polypropylene film was laminated as a heat seal layer on the resulting vapor deposition layer 
3 by dry lamination via a two-part curing type urethane-t>ased adhesive, to fabricate a packaging material. 

(Comparative Example 3) 

35 [0083] A packaging material was obtained in the same manner as Example 8, except that the primer layer 2 in 
Example 8 was not fonned. 

(Test 2) 

40 [0084] The packaging material of the present inventton according to Example 8 and the packaging material according 
to Comparative Example 3 \¥hh:h were fabricated in the manner described above were used for measurement of the 
laminate strength between the vapor deposition layer and the heat seal layer (measured at a peel rate of 300 nrvnAnln, 
units: gi/15 mm). The laminate strength was also measured in a similar manner while running a small amount of tap 
water over the peeling surface between the vapor depositton layer and the heat seal layer. The results are listed in 

45 Table 2. 



Table 2 





Laminate strength 


Without running water 


With running water 


Example 8 


640 


540 


Comp.Ex.3 


660 


50 



[0085] As Is Clear from the explanation given above, vapor deposltton films according to the present invention and 
packaging materials employing them have a construction wherein formation of a primer layer with excellent dimensional 
stability and adhesion even after boiling sterilization or retort sterilization on a transparent plastic substrate is followed 
by lamination of a vapor depositk>n layer made of an inorgank: oxide with excellent gas barrier properties . They therefore 



10 



EP 1 138 476 A1 



have transparency which allows their contents to be directly viewed, as well as high gas barrier properties comparable 
to those of aluminum foil. In addition, there is no peeling or loss of gas barrier properties of the vapor deposition layer 
even after boiling sterilization or retort sterilization. Thus, they have a wide range of possible uses in the field of pack- 
aging, as paclcaging materials for common foods, non-foods, medicines and the \ike. 
s [0086] While the presently preferred embodiments of the present invention have been shown and described, it will 
be understood that the present invention is not limited thereto, and that various changes and modifications may be 
made by those skilled in the art without departing from the scope of the invention as set forth in the appended claims. 



10 Claims 

1 . A vapor deposition film comprising a substrate made of a plastic material, a primer layer comprising a composition 
containing a trifunctional organosllane represented by the general fomnula R'Si(OR)3 (wherein R' is a substituted 
or unsubstituted alkyi group, vinyl group, etc. and R is an alkyi group, etc.), an acryl polyol and an isocyanate 

<5 compound, and a vapor deposition layer comprising an inorganic oxide to a thkdoiess of 5~300nm, fomned by 
successive lamination on at least one side of said substrate. 

2. A vapor deposition film according to claim 1, wherein R" in the structure of said trifunctional organosllane is an 
alkyi group including an epoxy group. 

20 

3. A vapor deposition fijm according to claim 1 or 2, wherein a reaction catalyst is added to said composition. 

4. A vapor deposition film according to claim 3, wherein said reactton catalyst is a tin compound. 

^ 5. A vapor deposition film according to claim 4, wherein said tin compound is a tin compound selected from the group 
consisting of tin chk>ride, tin oxychloride and tin alkoxkJes. 

6. A vapor deposition film according to daim 1 , wherein R' in the structure of said trifunctional organosllane is an 
alkyi group including an isocyanate group. 

30 

7. A vapor deposition film according to any one of claims 1 to 6, wherein a metal alkoxide represented by the general 
formula M(OR)n (wherein M is a metal element, R is an alkyi group such as CH3, C2H5, etc. and n is the oxidation 
number of the metal element) or a hydrolysate of said metal alkoxide is further added to said composition. 

3s 8. A vapor deposition film according to claim 7, wherein the metal of said metal alkoxide is a metal selected from the 
group consisting of Si, Al, Ti, Zr and their mixtures. 

9. A vapor deposition film comprising a sut>strate made of a plastic material, a primer layer comprising a composition 
containing a hydrolysate of a trifunctional organosllane represented by the general formula R'Si(OR)3 (wherein R* 

40 is a substituted or unsubstituted alkyi group, vinyl group, etc. and R is an alkyi group, etc.), an acryl polyol and an 

isocyanate compound, and a vapor deposition layer comprising an inorganic oxide to a thkdmess of 5~300nm, 
formed by successive lamination on at least one side of said sut>strate,. 

10. A vapor deposition film according to daim 9, wherein R' in the structure of said trifunctional organosllane is an 
45 alkyi group including an epoxy group. 

11 . A vapor deposition film according to claim 9 or 1 0, wherein a reaction catalyst is added to said composition. 

12. A vapor deposition film according to claim 11 , wherein said reaction catalyst is a tin compound. 

so 

13. A vapor deposition film according to daim 12, wherein said tin compound is a tin compound selected from the 
group consisting of tin chloride, tin oxychloride and tin alkoxides. 

1 4. A vapor deposition film according to any one of daims 9 to 1 3, wherein a metal alkoxide represented t>y the general 
55 fomiula M(OR)n (where M is a metal element, R is an alkyi group such as CH3, CgHg, etc. and n is the oxidation 

number of the metal element) or a hydrolysate of said metal alkoxide is further added to said composition. 

15. A vapor deposition film according to claim 14, wherein the metal of said metal alkoxide is a metal selected from 
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the group consisting of Si, Al, Tl, Zr and their mixtures. 

16. A vapor deposition film according to any one of daims 1 to 15, wherein the thidcness of said primer layer is in the 
range of 0.01~2nm. 

5 

17. A vapor deposition film according to any one of claims 1 to 16, wherein said inorganic oxide is one selected from 
the group consisting of aluminum oxide, silicon oxide, magnesium oxide and their mixtures. 

18. A vapor deposition film according to any one of claims 1 to 1 7, wherein an overcoating layer is additionally laminated 
10 on said vapor deposition film, said overcoating layer being a layer obtained by applying, heating and drying a 

coating agent composed mainly of an aqueous solution or an aqueous/alcohol mixed solution containing a water- 
soluble polymer and either or both (a) at least one metal alkoxide or hydrolysate thereof and (b) tin chloride. 

1 9. A vapor deposition film according to claim 1 8, wherein said metal alkoxide is one selected from the group consisting 
15 of tetraethoxysilane, triisopropoxyaluminum and mixtures thereof. 

20. A vapor deposition film according to claim 18 or 19, wherein said water-soluble polymer is polyvinyl alcohol. 

21. A packaging material comprising a vapor depositton film according to any one of claims 1 to 20, and a heat seal 
20 layer laminated on the vapor deposition layer or overcoating layer side thereof. 

22. A package fonnned into a bag using a packaging material according to claim 21 . 
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